Do graded potential synapses work the same way as action potential synapses? Recent work emphasizes the differences and suggests that graded potential synapses are not all the same either.
The job description for most synapses in the brain includes a great deal of waiting. Every now and then an action potential invades the presynaptic terminal, opens Ca 2+ channels and then, with some finite probability, the influx of Ca 2+ ions triggers the exocytosis of a vesicle of transmitter. But before and after this millisecond of excitement there are generally long periods when not very much happens. This light workload for synapses is possible for neurons that use the action potential code, but not all neurons use this code. Some primary receptor cells, such as auditory hair cells, photoreceptors and electroreceptors, as well as some of the interneurons in the retina, signal with graded potentials operating over a range of a few tens of millivolts.
For neurons of this latter kind, transmitter has to be released continuously and at a sufficiently high rate that small changes in voltage can be adequately resolved as changes in release rate. Ultimately, our ability to discriminate light from dark, and quiet from loud, depends upon these synapses and unraveling their mechanism has stimulated some of the cleverest experiments in all of recent cellular neuroscience, and yet conclusive answers to many of the most basic questions remain tantalizingly just out of reach. Three recent papers [ [5] . At the Calyx of Held, the rate of exocytosis depends on Ca 2+ concentration raised to the fourth or fifth power, implying that five Ca 2+ ions cooperate in the exocytosis of a single vesicle. This cooperativity, first described at the neuromuscular junction [6] , is thought to obtain at other action potential synapses where it speeds the turning on and turning off of transmission and also renders the synapse exquisitely sensitive to small differences in Ca 2+ concentration.
How about graded potential synapses? For cochlear hair cells, the threshold Ca 2+ concentration is about 8 µ µM Holt et al. [3] used electron microscopy to look at ribbons while transmission was stimulated by depolarization. They found that the number of free vesicles in the synaptic terminal was reduced along with the docked vesicles at the base of the ribbon. The number of vesicles stuck to the ribbon, however, was unchanged. Together with the finding that vesicles are freely diffusible in the terminal, this leads to the idea that ribbons have a high affinity for vesicles and, as the authors calculate, random diffusion allows vesicles to bump into a ribbon at a rate of 900 collisions a second. Once on the ribbon, vesicles are unlikely to come off except when they enter the docking site and undergo vesicle fusion. The fact that docked vesicles at the base of a ribbon are depleted during stimulation argues that this docking step is rate limiting, consistent with a study [12] in which vesicles at the bottom of a ribbon were visualized individually. This study concluded that docking and getting ready for vesicle fusion takes a minimum of 250 milliseconds.
These findings are a significant step forward in understanding ribbons, but they raise more questions. If vesicles are freely diffusible, how is it that they do not diffuse up the axon and become lost in the cytoplasm of the cell body? A more difficult conundrum is posed by the energetics of the interactions between vesicles and ribbons. If vesicles bind avidly to ribbons via one or a few filaments each [16] , how is it that vesicles are apparently mobile on the surface of the ribbon? This would be easily explicable if an energy source were involved but the evidence so far is that neither ATP nor GTP is required for vesicle movement [17] . Very likely one of these facts about ribbons will turn out to be wrong. 
